In 2008, Singapore General Hospital installed an Intraoperative Magnetic Resonance Imaging system (IMRI) in its Major Operating Theatre. This article discusses the first ever case done in the IMRI suite, the challenges faced and identified, as well as their learning points and potential solutions.
INtrodUctIoN
Intraoperative Magnetic Resonance Imaging (MRI) was first developed for neurosurgical operations in the mid-1990s at Brigham & Woman's Hospital of the Harvard Medical School in Boston, USA with a 0.5 Tesla open MRI system. Interest and acceptance of the use of intraoperative MRI technology in neurosurgical procedures grew after the work done by Black and Jolesz in 1997 1, 2 . The concept and design of intraoperative MRI has since then improved tremendously, and a system which consists of a high field magnet which is completely integrated into a high-tech operative environment with neuronavigation system and digital image transfer has been developed and installed for the first time as the BrainSuite, at the University Clinic in Frankfurt/Main, Germany, in 2003 2 .
Singapore has, since 2008 joined the few centres around the world with this capability. This 1.5 Tesla system has been specially constructed and installed at the major operating theatre complex of Singapore General Hospital (SGH), Singapore and the first surgery was done on 24 January 2008. We present the first case done in the SGH BrainSuite IMRI Operating Theatre and the challenges faced well as the experience gained since, from the neuroanaesthesia point of view.
The patient was a 64-year-old man from Dubai, UAE. He was on follow up in a specialist neurology hospital in Dubai for recurrent attacks of weakness and aphasia since 2 years prior. He weighed 98kg, and had a medical history of diabetes mellitus and hypertension. He presented on the 22 January 2008, and preoperative blood investigations were taken, which revealed no abnormalities. On the morning of the 23 January, an MRI brain scan was performed. It revealed a large (5.4 x 5.2 x 4.9 cm) left clinoidal meningioma with vasogenic oedema and mass effect, midline shift and inferior displacement of the left internal carotid artery and left middle cerebral artery.
He was then scheduled to undergo surgery to remove the tumour in the IMRI operating theatre on the next day. No pre-medication was given prior to anaesthesia. On the day of surgery, he was transported to the operating theatre at approximately 8:30am where the final pre MRI safety checklist of the patient was performed in the induction room by the anaesthetist. MRI compatible monitors were then placed (Precess by Invivo Research Inc, Orlando, FL). This included wireless dual lead ECG, wireless SpO2 and non invasive blood pressure cuff, as well as a continuous temperature monitoring system, all of which were displayed on both the main monitor and another remote monitor placed in the MRI control room ( Fig. 1 ). Intravenous access was established and after adequate preoxygenation, induction of anaesthesia was done intravenously at 9:00a.m. with 200mcg of fentanyl, 70mg of lignocaine and 140mg of propofol. For paralysis, 50mg of rocuronium was given. The trachea was intubated with a size 8 Portex endotracheal tube without any complications. A 7 French Gauge triple lumen central venous pressure catheter was placed in the right subclavian vein and a 20G arterial line in the left radial artery. An additional 14G intravenous cannula was also placed in the left saphenous vein. The intravenous infusion drip was connected with extra long extensions up to 6 metres in length.
During this period in the induction room, maintainence of anaesthetics was with Isoflurane (2.0% end tidal concentration) in a mixture of oxygen and air. The induction and insertion of the invasive lines was done in the induction room itself and not in the MR room ( Fig. 2 ). This was to allow the use of non-MR compatible emergency equipments as well as allowing additional staffs from outside the suite to provide help quickly in the event of an emergency resuscitation.
Other preparations done in the induction room included application of eye protection, ear plugs as well as insertion of the urinary catheter and took meticulous care to avoid thermal burns by ensuring that all potential areas of skin contact with monitoring cables were insulated with gamgee, which also provided padding of pressure points.
At approximately 9:30am, the patient was disconnected from the induction room anaesthetic machine, manually ventilated via a self inflating bag and started on total intravenous anaesthesia of propofol 1% (guided by the Bristol regime) and remifentanil infusion (running at 0.06 to 0.2 mcg/kg/min). He was then wheeled into the operating room, and docked on the rotating OR table which also functions as a MR tray where he was reconnected to another MRI safe anaesthetic machine AESTIVA/5 MRI (GE Healthcare) inside the OR itself. The breathing circuit connected to this machine was 9 metres long to allow the machine to be positioned outside the 5 Gauss line even when the patient's head was inside the MRI scanner itself (Fig. 3 ). Mild hyperventilation was instituted for the rest of the anaesthesia, keeping the PaCO2 between 30-35mmHg and ventilation resumed with oxygen-air mixture with FiO2 between 0.3 to 0.4.
The pre-operative scan was then done to allow integration with the neuronavigation system (BrainSuite iMRI, BrainLAB AG). During the MRI scan, no other personnel were allowed inside the OR and the patient was monitored visually from behind the glass window of the control room. The vital signs and the capnogram were monitored wirelessly from the remote monitor in the control room.
Once the scan had been completed, the OR table was rotated 180o, thus placing the patient's head outside the 5 Gauss line. Again, the presence of multiple long tubings and intravenous anaesthetics infusion lines meant that repositioning had to be done with extreme care. A MRI safe Bair hugger warming blanket (Arizant Healthcare Inc, USA), as well as an intermittent pneumatic calf compressor, both of which were placed outside the 5 Gauss line and chained to the anaesthetic workstation for extra safety, were then switched on prior to the commencement of surgery. Point of care testing of blood gas, electrolytes and haemoglobin level was used (IRMA TruPoint-ITC Medical) throughout the case.
At approximately 8:00pm, another scan was done to ascertain the adequacy of the tumour resection. The scan revealed that a remnant of the tumour still in situ and a decision was made to continue with debulking of the remnant tumour. However, the tumour was unfortunately very vascular, with multiple bleeding arterial vessels encountered, leading to episodes of hypotension despite volume and blood resuscitation. It was subsequently decided that it was best to leave the remnant tumour for removal via radiotherapy.
The surgery ended at 2:00 am and in total, 3 litres of 0.9% saline, 2 litres of colloid (HES 130/0.4) and 1.14 litres of packed red blood cells were transfused throughout the 17 hours of surgery. Point of care blood gas and haemoglobin level monitoring were used as a guide for transfusion targets throughout the case. The patient was then transferred to the neurosurgical intensive care unit intubated and ventilated for sedation, stabilisation and monitoring was subsequently extubated on the morning of the first post operative day, and sent out of the Proceedings of Singapore Healthcare  Volume 19  Number 4  2010 neuro ICU to the Intermediate Care Area the day after, before being transferred to the general ward on the 1 April 2008. From there, he underwent vigorous rehabilitation under the supervision of the rehabilitation medicine physician as well as the speech therapist. He was also started on radiotherapy for the tumour remnant. The patient was discharged on 8th April 2008 with minimal residual neurological deficit, which includes a very mild hemiparesis on the right side (as evidenced by a pronator drift) and mild expressive non-fluent aphasia.
dIScUSSIoN
MRI is useful in the perioperative setting for the surgeon, to provide intraoperative assessment of the extent of the neurosurgical procedures, which allows for more precise and complete resections as well as to compensate for brain shift during microscope based neuronavigation 3 . For the anaesthetists, working within the intense magnetic field, however, requires substantial modification of the ventilator and anaesthesia machines to be nonferro-magnetic 4 . The development of the concept of interventions in the "fringe field" as practised in our iMRI suite, with the MAGNETOM Sonata system (Siemens Medical Solutions) offers the benefits of iMRI without the need for radical modification of the normal intraoperative routine and surgical instruments used. The integrated operating room table pivots up to 180 degrees to allow the head of the patient to be placed outside the 5 Gauss line, where the procedure can be performed using normal instruments and without changing the surgical routine. Nevertheless, safety training and medical screening for the MR environment is mandatory, not just for the medical and nursing staff, but for all authorised to enter the operating suite. Information on the deleterious effects of the magnetic field to equipment and patients as well as contraindications for patients were provided to all personnel working in the suite. All equipment used were assessed to be either "MRI safe" or "MRI compatible". MRI safe implies that the device, when used in the MR environment, will present no additional risk to the patient but may affect the quality of the diagnostic information, whereas MRI compatible is both MRI safe, and will not significantly affect the quality of the diagnostic information, nor will its operation be significantly affected by being in the MRI environment. This new environment, together with the very limited access to the patient and the need for "long distance" monitoring of the patient, presented the anaesthetic team with a great challenge, which requires advanced planning and excellent communication among the anaesthetic team members as well as with the surgeons, nursing staffs, radiographers and other support staffs. The team was also made aware of the potential hazards of this new environment, which includes the risk of burns by direct skin-to-skin contact, loops of monitor cables, or direct contact of the patient's skin with the scanner and the need to wear earplugs even for the anaesthetised patients. Simulation on the workflow as well as emergency resuscitation procedures during multiple scenarios in the MR room were carried out prior to this first case.
There is an obvious phase of familiarisation and a learning curve for all the staffs involved, and ever since this first case was done in January 2008, the workflow is now much smoother, and the non-surgical utilisation time as well as the time taken from the moment a scan is decided to the actual performance of the scan has been much improved. The need for continuous training and the development of emergency protocols as well as the training and exposure of such environment to the anaesthetic trainees and new staffs can never be over-emphasised.
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